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I,  Let  us  suppose  we  have  a molecule  made  up  of  N identical  elements, 
each  of  which  can  be  considered  as  a Langevin  molecule.  We  call  a and 
P the  principal  polarizabilities  and  S0  “ (a-p)/(p+2p)  its  ansiotropy. 

We  want  to  evaluate  the  depolarization  of  the  light  scattered 
by  a system  formed  by  a large  number  of  molecules  of  this  type.  For  this 
purpose  we  use  a Cartesian  system  of  coordinates  with  the  vertical 
axis  OZ  ani  OX  In  the  direction  of  the  incident  beam. 

The  orientation  of  the  ith  element  of  the  molecule  Is 
characterized  by  its  direction  cosines  X v^.  Assuming  that 

the  dimensions  of  the  molecule  are  small  in  comparison  to  the  wave- 

• length  of  the  light,  the  use  of  Cabannes'  formulas^"  gives  for  the  three 
classical  components 

vv  * K X * (a'l3)  viH? + (a-p)  vjl 
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The  double  summation  rauot  be  extended  to  all  pairs  of  elements  of  the 
molecule,  K is  a proportionality  coefficient,  a function  of  t he  number 
of  molecules,  the  wavelength  of  the  light  and  the  refractive  Index, 
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o is  the  angle  between  the  incident  and  the  scattered  beam.  The 
averaging  has  tc  '■»  performed  over  all  configurations  and  orientations, 
The  r<=3ult  is  easily  obtained? 
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7h  = K,fS>o  11*13 
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« Vp  cos2  w + sin2  w 


3 cos  ip  . . - 1 
where  PjLJ  = ^ 


— f being  the  angle  between  the  axis 

and  the  ellipsoids  of  polarizability  i and  J and  t*>is  the  angle 


between  the  incident  and  the  scattered  light.  These  formulas  show 
that  we  can  characterize  a flexible  molecule  by  it'b  anisotropy 
as  in  the  case  of  rigid  particles ; S'  being  given  by  the  expression: 
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and  the  problem  now  is  to  evaluate  S for  different  models. 


XI.  Calculation  of  6 for  different  models. 

a)  Qaus s 1 an  chain.  For  this  chain  the  orientation  of  the 


different  elements  are  Independent. 


Pij  “ 0 

for 

Pij  = 1 

for 

r * 

where  N 

and  S their  anisotropy. 


i * J 

i = J and 

the  number  of  statistical  elements 
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This  result  nas  already  been  obtained  by  Stuart  and  Peterlin 


and  Kuhn  . 


p.,  j = 1 which  gives 


b)  Rod-like  chain.  All  the  elements  are  parallel  and 
JLch  gives  S-  S.  . His  result  has  been  obtained  as  a 


particular  case  by  Horn,  Benoit  and  Oster 


; at  ions.  We  call 


anisotropy  of  one  monomeric  unit,  ^ is  the  angle  formed  by  the 
axis  of  the  ellipsoid  of  polarizability  of  the  ith  element  with  its 
C-C  bond  and  ^ is  the  angle  of  the  same  axis  with  the  i+J  C-C  bond. 


C l*  A C 


Under  these  conditions: 


_ 3 cos* 


- 1 5 cos^ff  - 1 |* 5 cos^  0 - ljl1"*!  + 1 


where  0 is  the  supplement  of  the  valence  angle.  Using  this  relation, 
one  obtains  for  every  value  of  N 

S2 ..  |\  ♦ I (S  co,2^  - 1X3  cos2 lj/  - V gUajL^i P-  j 


with  p 


3 coa  9-1 
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More  particularly,  if  the  axis  of  the  ellipsoid  of  polarizability  has 
the  direction  of  the  C-C  bond,  l^=  0,  Lj / = © and 

f2  . » ^ 
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The  bracket  Is  similar  to  the  Byring  expression  for  the  end-to-end 
distance  and  differs  only  by  the  fact  that  cos  © is  replaced  by 


3 cos  9-1 

p = g 


This  shows  that  the  behavior  of 


r 2 

i* 


similar  to 


the  behavior  of  the  mean  square  end-to-end  distance.  For  instance. 


for  long  chain  in  the  Gaussian  range,  we  have 

<2 

2 Jo  1+p 
■ TT  T^p 


d)  Aliphatic  chain  with  sterlc  and  energetic  hindrance.  The 
method  is  similar  to  the  one  used  by  Debye  and  Bueche'*  for  the  calcu- 
lation of  the  electric  dipole  moment  of  such  a chain. 

We  assume  that  the  rotation  on  the  valence  cone  is  not  free 
and  we  characterize  the  lack  of  freedom  by  the  following  averages, 
cos  u = q 

sin  u = 0 
2 

cos  u * r 


With  these  assumptions  it  is  possible  to  get  a recurrence  relation 
between  Pij-i»  ^ut  relation, which  can  be  used  for  specific 

numerical  calculations,  does  not  allow  us  to  give  a general  result 
in  a simple  closed  form. 

Here  we  give  only  the  result  for  a long  chain  in  the  oase  where 
the  direction  of  the  ellipsoid  of  polarizability  is  the  direction  of  the 
C -C  bond • 
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l(j>tr),(  l-g)  + 2 ( q-r ) ( l+2p ) 
(l-p)(l-r) 


The  behavior  is  not  different  from  that  observed  in  the  proceeding  case. 

These  results  are  all  obtained  with  the  assumption  that  the 
chain  is  short  in  comparison  to  the  wave  length.  If  this  is  not  the 
case,  by  extrapolating  to  zero  angle  between  the  incident  and  scattered 
beam,  one  can  apply  this  formula,  since  the  interference  due  to  the 
size  of  the  particle  disappears  at  zero. 

III.  Application  to  the  problem  of  fluid.  In  a liquid,  or  a compressed 
gas  where  the  interactions  are  at  short  range  compared  to  the  wave- 
length, the  same  calculation  can  be  used  since  it  is  only  In  the  second 
part  that  we  have  used  the  fact  that  the  units  were  parts  of  a macro- 
molecular  chain. 

We  assume  that  the  polarizabilities  a and  (5  are  Independent 
of  the  relative  orientation  of  the  molecule.  Introducing  the  new 
function 


p(r) 


3 coag^  - 1 
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^ being  the  angle  of  the  axis  of  two  ellipsoids  of  polarizability  aid 
^ the  average  values  at  constant  r,  one  can  show  that  the  depolariza- 


cos 


tlon,  S , of  the  system  is  given  by  the  formula: 


«o  1 + 
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T),  p(r)  g(r)  r dr 


Q-  - g(rjj 


r2dr 


where  g(r)  is  the  well-known  radial  distribution  function  and  N the 
number  of  particles  in  i*  volume  V.  This  formula  which  is  similar 
to  the  Zernicke  and  Prins°  formula  can  be  used  to  describe  the  variation 
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of  anisotropy  with  co;/ ontrat ion  in  a solution,  or  with  pressure  in  a 
gas,  and  perhaps  to  study  the  depolarization  of  liquids.  It  shows  that 
the  depolarization  is  a function  of  the  radial  distribution  and  of  the 
relative  orientation  of  the  particles.  Due  to  the  form  of  the  expansion, 
^ can  be  larger  or  smaller  than  in  other  words  the  interaction 

can  increase  or  decrease  the  value  of  the  anisotropy  and  we  plan  to 
evaluate  with  this  formula  the  second  virial  coefficient  in  the 

C 2 

expansion  of  O as  a function  of  the  concentration  for  some  simple 
dilute  systems. 
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